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INTRODUCTION
A unique herbal folkloric Turkish medicinal extract prepared from five different plants: (Thymus vulgaris (dried grass extract) (5.0 g/100 ml), Glycyrrhiza glabra (dried leaf extract) (7.0 g/100 ml), Vitis vinifera (dried leaf extract) (8.0 g/100 ml), Alpinia officinarum (dried leaf extract) (7.0 g/100 ml), and Urtica dioica (dried root extract) (6.0 g/100 ml), has shown to possess promising hemostatic, regenerative, anti-neoplastic and antimicrobial properties against multidrug-resistant bacteria. It is commonly available as a tampon, spray, and ampules under the trade name of Ankaferd Blood Stopper (ABS), (Ankaferd Ilac Kozmetik AS, Istanbul, Turkey) [1] [2] [3] . ABS is a unique hemostatic agent used to control post-operative hemorrhage in patients with various bleeding disorders. Apart from providing good hemostasis, it is also known to promote cytokineinduced neovascularization that helps in rapid wound healing and treatment of neoplasms [3] [4] [5] [6] [7] [8] [9] . The paper aims to describe the unique and intricate mechanisms and highlight the evidence that supports the use of this novel hemostatic agent. The paper also aims to lay the foundation and acts as the keystone for initiating further research in this aspect.
MECHANISMS OF ACTION

Hemostatic properties
ABS is approved as a hemostatic agent in Turkey for managing a postoperative hemorrhage, especially with patients with hereditary or acquired hemorrhagic diathesis. A phase I, double-blind, randomized crossover placebo-controlled clinical study confirmed the safety and efficacy of this unique hemostatic agent for the management of external hemorrhage in various general and oral surgical procedures [7] . It has proved to be an effective hemostatic agent to control bleeding after gastrointestinal and urologic surgery, Transradial Coronary Angiography, tonsillectomy, acute anterior epistaxis, etc. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Various Phase III clinical trials in humans, that used ABS to control vascular port insertion bleedings, anterior epistaxis, and post-tonsillectomy hemorrhages, confirmed that ABS can control bleeding effectively during the surgical procedure [5, 6, 16, 17] . Teker et al. (2009) also compared and evaluated the use of this herbal combination in patients undergoing cryogenic tonsillectomy at the tonsillar bed to the suture ligation technique and confirmed that the hemostasis achieved with ABS was faster as compared to the sutured site [16, 17] . ABS is also regarded as a more superior agent in controlling the gastrointestinal and nose bleeding compared to the conventional methods of hemostasis [9] . ABS is superior to Surgicel in controlling bleeding from a laceration of the liver. Studies have also confirmed that livers treated with ABS complete their regeneration with minimal signs of inflammation and improved intra-abdominal adhesion scores [18] . ABS is also a good hemostatic agent for controlling bleeding during and after various oral and periodontal surgeries [15] [16] [17] [18] [19] .
Another advantage of ABS compared to other hemostatic agent is its ability to form the clot in less than one second and to anchor the physiologically aggregated erythrocytes. ABS is also known to stimulate the endothelial cells and other individual components of blood to promote cell proliferation. Various chemical mediators are also released upon 'ABS web' formation [19] [20] [21] [22] . The electron microscopy, light microscopy, and histopathology sections of the clotted tissues after ABS application have revealed the formation 'ABS web.' is an erythroid-rich aggregate within the encapsulated protein network. The 'ABS web' provides focal points for vital erythrocyte aggregation and acts like a magnet to attract erythrocytes [19, 20] . ABS influence the entire physiological hemostatic mechanism by interacting with blood proteins, particularly with fibrinogen gamma and prothrombin and forming a unique protein network. Another unique property of ABS is that the hemostasis is achieved via the classical cascade model of the clotting system without affecting the coagulation cascade and platelet function. The coagulation factors like factors II, V, VII, VIII, IX, XI, and XII are not affected by ABS [2] . However, the levels of albumin and globulin are decreased upon addition to ABS [2, 4, 6] .
Additionally, it has been observed that proteins present in the protein library of ABS interact with the ankyrin and spectrin receptors on the surface of red blood cells. This aid in the stabilization, vital erythroid aggregation, and clot formation. Essential erythroid proteins in the protein library of ABS include (ankyrin recurrent and FYVE bundle containing protein 1, spectrin alpha, actin-depolymerization factor, actindepolymerizing factor, LIM bundle and actin binding subunit 1 isoform a, NADH dehydrogenase [ubiquinone] 1 alpha, mitochondrial NADP [+] dependent malic enzyme 3, ribulose bisphosphate carboxylase large chain [maturase K]). Along with these molecules, various ATP bioenergy molecules like ATP synthase, ATP synthase beta subunit, ATP synthase alpha subunit, ATP binding protein C12, TP synthase H+ transporter protein, ADF, alpha-1, 2-glycosyltransferase ALG10-A]) are also used to achieve hemostasis. ABS also up-regulates the GATA (FOG) transcription system that affects the erythroid function and aid in the formation of urotensin II. Urotensin II acts as a link between the injured vascular endothelium, adhesive proteins, and active erythroid cells [21] [22] [23] [24] .
However, the efficacy of ABS depends upon the direct contact of the hemostatic agent with the bleeding surface. Since a dirty-white colored hemostatic web, the detection of the bleeding lesions becomes difficult. Therefore, the hemostatic agent should be applied after precisely locating the source of the oozing blood [19] [20] [21] [22] [23] . Since, the protein network covering the bleeding site's forms without altering the physiological hemostatic process and clotting factor, it can be effectively used in patients with hereditary or acquired hemorrhagic diathesis such as afibrinogenemia, Hemophilia, Von Willebrand disease, hereditary thrombocytopenia, Glanzmann thrombasthenia, patients taking antithrombotic, procoagulant, and antifibrinolytic medications [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Various animal studies have confirmed that ABS can shorten both the duration and the amount of bleeding. Al et al. (2009) investigated and compared the efficacy of ABS to control cutaneous and subcutaneous hemorrhages during vascular access in malignancy with ABS absorbed tampon at the bleeding sites with subjects who received a dry gauze tampon. The study concluded that the bleeding stopped at 32.97 seconds in the ABS group, and 123.75 seconds in the dry gauze tampon group [21] . Cipil et al. (2009) evaluated the hemostatic effect of ABS in rats pretreated with warfarin (2 mg/kg) and compared it to 0.9% sodium chloride after a bilateral hind leg amputation [25] . The result concluded that topical administration of this herbal blend to the amputated leg markedly shortened the duration of bleeding in warfarin-treated and untreated rats. Furthermore, the amount of bleeding from the amputated leg was reduced by 50% in the ABS group as compared to the warfarin-treated group. Kosar et al. (2009) , studied the efficacy of ABS in controlling bleeding in animals pretreated with acetylsalicylic acid or enoxaparin sodium as compared to another anticoagulant and confirmed that topical application of ABS reduced both the duration and the amount of bleeding [31] . Oner et al. (2010) assessed the difference in the amount of hemostasis with Factor VIII inhibitor, cyclophosphamide, prednisolone, and ABS in a pediatric hemophiliac and reported that ABS is more effective than commonly used hemostatic agent to control bleeding in the hemophilic patient [32, 33] . ABS is also found to be more effective than adrenaline plus lidocaine and gelatin foam in the controlling epistaxis. Topical nasal ABS application is better than cotton, gelatin foam, and adrenaline with lidocaine to control epistaxis [28] .
This hemostatic properties of ABS can be utilized for controlling bleeding during various oral, periodontal and implant-related surgical procedures such as deep subgingival scaling and root planing, gingivectomy, frenotomy, frenectomy, vestibuloplasty, open flap debridement, free gingival graft, soft tissue connective graft, ridge augmentation, etc. Baykul et al. (2010) investigated the effect of using ABS in patients undergoing different dental procedures and concluded that ABS can effectively control the bleeding within 10-20 minutes [4] [29] . Kazancıoglu HO et al. (2013) , in a randomized controlled clinical trial, assessed the hemostatic efficacy of ABS in controlling bleeding following tooth extraction [29] . The result confirmed that ABS is more superior to other local hemostatic agents like gauze and suture to control bleeding in hemophilic patients. Additionally, there is no need to reduce the dosage or stop the oral anticoagulant therapy in patients with any bleeding disorder before undergoing routine dental treatment, if ABS is used. [29] Thus, ABS can be used successfully in patients undergoing antithrombotic treatment with acetylsalicylic acid and warfarin sodium without interrupting and/or altering the anticoagulant regimens [30] . Trakyali G and Oztoprak MO (2010) is also beneficial effects of using ABS while placing orthodontic brackets on surgically exposed impacted or partially erupted teeth [38] [39] [40] . ABS can effectively control the gingival bleeding and prevent contamination during orthodontic bracket placement. This can also enhance the shear bond strength and longevity of the placed orthodontic brackets [39, 40] . ABS is even proposed as an alternative to formacresol and Ferric Sulphate for pulpotomy in primary teeth [41] [42] [43] [44] [45] . Koyuturk et al. (2013) histologically compared the use of ABS to formacresol and ferric sulphate as a pulpotomy agent and showed that although there was no significant difference in the inflammatory response between ABS and ferric sulphate, high inflammatory cells are observed with formacresol [44] . Moreover, unlike ABS, ferric sulfate interacts with the components of the blood and occlude the capillary orifices of the pulp to prevent bleeding. Thus, ABS is considered as a superior alternative to ferric sulphate and formacresol for pulpotomy in primary molars. Odabas et al. (2011) also evaluated the prognosis of calcium hydroxide pulpotomy with and without ABS application and concluded a 90% and 95% success rate with calcium hydroxide and Calcium hydroxide + ABS group respectively [41] [42] [43] [44] .
Antimicrobial properties
This unique herbal combination is known to possess powerful antimicrobial properties against multidrug resistant bacteria [5] [6] [7] [8] [12] [13] [14] . The antimicrobial property helps to control the postoperative infections after various oral and periodontal surgical procedures where chances of contamination with potent facultative anaerobic bacteria are high [7] [8] [9] [10] . Another advantage of ABS is its ability to enhance the healing and control The strong antimicrobial potential is due to the release of an array of proteins like NADP-dependent malic enzyme, ribulose biphosphatecarbocsilase, maturase K, ATP synthase beta subunit, ATP synthase alpha subunit, chalcone flavon isomerase 1 & 2, and actin depolymerization factor. The release of this diverse array of proteins up-regulates the release of various critical transcription factors that affect the pathobiology of various infectious diseases. ABS can even inhibit lipopolysaccharide-induced endotoxemia by enzymatic activation of Protease-Activated Receptor-1 (PAR-1), Endothelial Protein C Receptor (EPCR) and Plasminogen Activator Inhibitor-1 (PAI-1) [20] [21] [22] [23] [24] 35] . However, the mechanisms of action of ABS in treating nosocomial and drug-resistant infections remain unclear and needs further research and investigations. ABS is also known to inhibit the growth of various yeast and filamentous fungi. Ciftci et al. (2011) assessed the antifungal effect of ABS using a good diffusion agar test and found that ABS has a high antifungal effect against Zygosaccharomyces bailii, Candida albicans, Aspergillus flavus, and Aspergillus parasiticus [47] . Pellati et al. (2009) and Motsei et al. (2003) also demonstrated that 18-beta glycyrrhetinic acid, the key components of ABS, is known to possess a strong antifungal effect on the Candida albicans [36, 37] . This property can be utilized for preparing various antifungal mouthwashes for the treatment of oral candidiasis and other fungal infections [47] [48] [49] [50] [51] [52] . Therefore ABS should be tried as an antiplaque and anti-gingivitis agent for the treatment of gingivitis, periodontitis, periapical, periodontal abscess and postoperative infections following periodontal surgery. However long term longitudinal and comparative randomized clinical trials are required to confirm the antimicrobial efficacy of this unique herbal hemostatic agent. Moreover, in this dooming era of antibiotic resistance, there is an urgent need to explore the antimicrobial property of this unique herbal combination and develop novel therapeutic tools in treating infectious diseases due to multidrug-resistant bacteria.
Regenerative and anti-apoptotic properties
ABS is known to enhance hard and soft tissues healing as it also increases the tissue oxygenation along with superior regenerative, antioxidant and pro-angiogenic properties [46, [47] [48] [49] . Moreover, ABS can be considered as a better option in inducing regenerating epithelium than epinephrine. The intravesical administration of ABS is as efficacious as epinephrine in terms of congestion, edema, necrosis, and ulceration. This properties of ABS can be utilized in the treatment of periodontitis-induced osseous defects, periodontal plastic surgery for root coverage, aesthetic surgery for papilla regeneration and healing of orofacial burns [46] [47] [48] [49] 54] . Bulut E et al. (2014) analyzed and compared the effects of ABS and routine antibiotic prophylaxis on early healing of periodontal osseous defects in diabetic rats and non-diabetic rats by histopathology and stereological examination [50] . The results showed that local administration of ABS significantly increased the mean volume of the newly formed bone in both diabetic and non-diabetic rats at 7 and 14 days. No significant difference in new bone formation was observed between ABS and antibiotic group in the diabetic rats. The osseous defects treated with ABS have a more intense bone formation with less occurrence of necrosis, fibrosis, and foreign body reaction. ABS also accelerates bone healing with rapid bone formation by inhibiting the action of proinflammatory cytokines such as Prostaglandin E2, Thromboxane B2, and Leukotriene B4 [46] . Thus it was concluded that antibiotic prophylaxis and ABS have beneficial effects on the healing of bone in diabetic animals [52] . Pamuk et al. (2016) compared the clinical efficacy and expression of Vascular Endothelial-derived Growth Factor (VEGF) upon the use of ABS in combination with autogenous cortical bone graft for the treatment periodontitis induced intra-osseous defects [51] . There was a significant increase in the VEGF concentration when ABS was used along with bone graft as compared to bone graft alone. The VEGF enhance regeneration of periodontal tissues along with improved wound healing, angiogenesis and reduced gingival inflammation at the defect site [45, 47, 48, [52] [53] [54] [55] . The ABS induced release of VEGF also increases the regenerative potential of the bone graft and promotes superior soft tissue healing, clinical attachment gain and reduce the incidence of post-operative gingival recession. Moreover, ABS is considered as a better biological scaffold for bone graft due to its dense and resistant nature. However, its space-maintaining ability in periodontal defects is not ideal due to its non-rigid feature. Therefore, ABS should be used with a bone graft material that that is more stable and maintain space until regeneration is completed.
Anticancer and anti-apoptotic effects
The anti-neoplastic and anti-apoptotic property of ABS was first studied on Sarcoma osteogenic (Saos-2), an osteosarcoma cell line by Goker et al in 2008 [54, 55] . Various concentration of ABS solution (2, 4, 6, 8, and 10 µL/mL) was used to analyze the growth and proliferation of the Saos 2 cells. The result showed a dosedependent suppression in the proliferation and survival of the Saos 2 cell culture. The aggregation of the cells in the cell culture was amplified when higher doses of ABS was used. A dose-dependent suppression of the cell with loss of cell adhesion between the Saos-2 osteosarcoma cells has been observed with ABS [56, 57] . Based on these observations, the antineoplastic properties of ABS in treating colon cancer was evaluated. ABS was found to be an effective agent in controlling the cellular mitosis of human colon cancer cells in vitro in a dosedependent manner. It was also observed that the cancerous cells when exposed to ABS lose their adhesiveness and viability. The suppressor effect of ABS on colon cancer cells was detected at 2 µL/mL level and became more prominent at 10 µL/mL concentration. ABS was also found to induce apoptosis, regulate cellular proliferation, and decrease tumor vascularization [58] . This anti-neoplastic activities of ABS have been utilized for treating leukemia and lymphoid neoplastic cell lines have also been observed [57, 58] . Mumcuoglu et al. (2015) evaluated the anti-cancer efficacy of ABS on leukemia cells and observed that the expression of PAR1 and EPCR depends on the dosage of ABS on Jurkat cells and K562 cells. Furthermore, ABS is known to trigger apoptosis of the leukemic cells [57, 58] . The antineoplastic effects of ABS on leukemic cells is observed at higher doses (>0.5 µ g/mL). At lower doses (<0.5 µg/mL) ABS can induce cellular differentiation. ABS is known to
